Adenomyosis may be involved by endometrial adenocarcinoma, but in contrast to true myometrial invasion, the depth of an adenomyotic focus involved by carcinoma does not alter pathologic tumor staging. Therefore, distinction from carcinoma invading myometrium is clinically relevant. We hypothesized that CD10, a marker of non-neoplastic and neoplastic endometrial stroma, would highlight the stromal component of adenomyotic foci and be useful in this distinction. Thirty-nine cases of endometrial adenocarcinoma were analyzed and divided into three groups: I, invasive endometrial adenocarcinoma (n ‫؍‬ 14); II, endometrial adenocarcinoma involving adenomyosis but without myometrial invasion (n ‫؍‬ 18); and III, adenomyosis involved by endometrial adenocarcinoma with concomitant invasive component (n ‫؍‬ 7). All cases of adenomyosis involved by endometrial adenocarcinoma demonstrated CD10 expression in the stromal cells of adenomyotic foci. Eleven of 21 cases (52%) of invasive adenocarcinoma also showed CD10 expression, at least focally, in cells immediately surrounding the infiltrating glands. Of these, two cases (from Group III) also had associated adenomyotic involvement by carcinoma. The remaining cases of invasive carcinoma were negative for CD10. Therefore, presence of CD10 staining immediately surrounding neoplastic glands does not equate with involvement of adenomyosis by endometrial adenocarcinoma.
Adenomyosis is usually defined as endometrial glands and stroma located in the wall of the uterus at least one low-power field away from the surface endometrium. It affects reproductive-aged women with a history of multiple pregnancies, appears to be associated with estrogen therapy (1, 2) , and may even be a clonal process (3) . Although endometrial adenocarcinoma may arise in foci of adenomyosis (4 -9) , adenomyosis is more often secondarily involved by endometrial adenocarcinoma that has arisen in surface endometrium. The distinction between this condition and true myometrial invasion by endometrial adenocarcinoma may sometimes be difficult, particularly if there is extensive involvement of adenomyosis by adenocarcinoma, if the secondarily involved adenomyosis extends deeply into the uterine wall, or if the presence of adenomyosis is masked by subtotal replacement by adenocarcinoma. This distinction is important because pathological staging, and consequentially, therapy is dependent on the presence and depth of invasion (10) . In contrast, involvement of adenomyosis by endometrial adenocarcinoma carries no adverse prognostic significance (11, 12) . We hypothesized that CD10, a marker of non-neoplastic and neoplastic endometrial stroma (13) (14) (15) , would be useful in this distinction by highlighting the stroma of adenomyotic foci involved by endometrial adenocarcinoma and being absent around foci of invasion.
2001 for pathological diagnoses of endometrial adenocarcinoma were retrieved from the surgical files of the Women's and Perinatal Pathology Division of the Brigham and Women's Hospital (Boston, MA). In all cases, hematoxylin-and-eosin (H&E) stained sections were available for review, and the diagnoses were confirmed. The endometrial carcinoma was graded using the FIGO staging system (10) .
The cases were subsequently divided into three groups. Group I consisted of cases of invasive endometrial adenocarcinoma. Group II included specimens with endometrial adenocarcinoma involving adenomyosis but without myometrial invasion. Group III was composed of cases with adenomyosis involved by endometrial adenocarcinoma with coexistent myometrial invasion. Invasion of the myometrium was based on established criteria (16) ; features of invasion included irregular pattern of infiltration, irregular glandular outlines, alterations in the cytomorphology of the neoplastic cells (particularly eosinophilic change to the cytoplasm), and presence of periglandular desmoplasia, edema, and inflammation.
All cases were stained for CD10 (Novocastra Laboratories, LTD, Tyne, U.K.) using mouse monoclonal antibody (clone 56C6), at a dilution of 1:80. After high-temperature antigen retrieval, the sections were incubated for 60 minutes with the primary antibody at 25°C, followed by the standard ABC technique. The stain was considered positive when present, at least focally, immediately surrounding the neoplastic glands. Non-neoplastic surface endometrial stromal cells and stroma present in uninvolved foci of adenomyosis were used as an internal positive control.
Nine cases in which there was available material (seven cases in Group I and two cases in Group III) were stained with antibody to the muscle markers desmin (monoclonal clone D33; dilution 1:500; DAKO Corporation, Carpinteria, CA) and h-caldesmon (monoclonal clone h-CD; dilution 1:300; DAKO). The latter antibody required 30 minutes of antigen retrieval. The myometrium was used as an internal positive control.
RESULTS
A summary of the immunohistochemical results for CD10 in all groups is summarized in Table 1 .
Group I: Invasive Endometrial Adenocarcinoma
Group I included 14 cases of invasive endometrial adenocarcinoma. Patients' ages ranged between 49 and 77 years (median, 60.5 y). Twelve of 14 cases (85.7%) were diagnosed as endometrial adenocarcinoma, endometrioid subtype. Two cases had mixed endometrioid, papillary serous, and clear cell features. Six cases were Grade 1, four were Grade 2, and four were Grade 3 (of 3 grades). Three of fourteen cases (21.4%) showed additional uninvolved foci of adenomyosis. All tumors but one showed myometrial invasion ranging from 10 to 95% of the myometrial thickness (median 50%); one adenocarcinoma superficially invaded a submucosal leiomyoma.
Five of the 14 cases (35.8%) showed absence of CD10 staining in cells adjacent to the invasive glands ( Fig. 1A-B) . However, 9 of the 14 cases (64.2%) revealed CD10 expression in cells immediately surrounding the neoplastic glands ( Fig. 2A-B ). Of these nine cases, four cases had a circumferential staining pattern, whereas five showed only focal staining (Ͻ50% of the gland circumference). In eight of the nine cases (89%) with CD10 expression surrounding invasive glands, CD10-expressing cells were part of a desmoplastic reaction. In the remaining case, there was no desmoplastic reaction by H&E examination and, although the invasive border was rounded, the extent and pattern of invasion were consistent with invasive adenocarcinoma.
Immunoperoxidase stains for desmin and h-caldesmon, performed in seven of the nine tumors with CD10-expressing cells, revealed in five of them scattered rare positive cells for both markers in the cells that were also positive for CD10, including the one tumor with a rounded border of invasion. The staining was weaker than in the adjacent myometrium. In the other two cases in which CD10 was positive, both muscle markers were negative in the cells immediately surrounding the invasive glands. In general, the expression of the muscle markers was weaker than in the surrounding myometrium and more focal than in the CD10-expressing cells (Fig. 3A-B ).
Group II: Endometrial Adenocarcinoma Involving Adenomyosis But without Myometrial Invasion
Group II included 18 cases of endometrial adenocarcinoma involving adenomyosis without myometrial invasion. Patients' ages ranged from 40 to 83 years of age (median, 60.5 y). All carcinomas were of the endometrioid subtype, with a predominance of Grade 1 tumors (13 of 18; 72.2%). Four tumors were classified as Grade 2 and one as Grade 3 (of 3). Two cases also had foci of adenomyosis uninvolved by carcinoma. Strong and diffuse CD10 expression in the endometrial stromal cells of adenomyotic foci immediately around neoplastic glands was present in all cases (Fig. 4A-B ).
Group III: Adenomyosis Involved by Endometrial Adenocarcinoma with Coexistent Myometrial Invasion
Group III included seven cases of endometrial adenocarcinoma with involvement of adenomyosis and coexistent myometrial invasion. Patient age ranged between 36 and 69 years (median 55 y). Six of seven cases (85.7%) were subclassified as endometrioid type; one case had an admixed papillary serous component, which accounted for approximately 20% of the tumor. The depth of invasion varied from 25 to 60% of the myometrial thickness (median 40%). Four of seven tumors (57.1%) were Grade 2, one tumor was Grade 1, and two tumors were Grade 3 (of 3 grades).
All tumors showed CD10 staining around foci of adenomyosis (Fig. 5) ; however, two cases (28.5%) also exhibited CD10 staining immediately surrounding foci of invasive adenocarcinoma. In the other five cases, cells surrounding the invasive glands were negative for CD10 (Fig. 5) . Correlation between H&E-and immunoperoxidase-stained sections demonstrated that one of the two tumors with CD10-positive cells immediately adjacent to invasive carcinoma corresponded with a peritumoral desmoplastic reaction. The other case showed direct invasion into the myometrium without definitive desmoplastic reaction. In these two cases, the muscle markers for desmin and caldesmon were also positive in these peritumoral cells, although in a weaker and more focal manner compared with surrounding myometrium.
DISCUSSION
The prevalence of adenomyosis is quite variable, ranging from 10 to 88%, probably reflecting differing criteria and low diagnostic reproducibility (17) (18) (19) (20) . Diagnostic criteria for adenomyosis varies widely, but the most widely accepted one is the separation of a candidate focus from the surface endometrium by at least one low-power field (4ϫ magnification). Recently, a distance of Ն3 mm from the endomyometrial junction and the presence of concentric myometrial hyperplasia has been proposed as more reliable diagnostic criterion (17) . The risk factors for and the pathophysiology of adenomyosis are unclear. Multiparity (21) and constant estrogen exposure, such as tamoxifen therapy (1, 2) , are believed to be associated with its development. Pandis et al. (3) found clonal deletion of the long arm of chromosome 7 in three cases, raising the possibility of a neoplastic process.
Adenomyosis may be associated with or be concurrently involved by endometrial hyperplasia and adenocarcinoma. The latter situation may, in some instances, give rise to diagnostic difficulty with regard to assessment of depth of myometrial invasion. This distinction is clinically relevant because depth of invasion is an important independent prognostic factor for patients with endometrial adenocarcinoma (10) . Although adenomyosis might be located deep within the myometrium, its involvement by endometrial adenocarcinoma does not alter the patient's stage. Deep involvement of adenomyosis by endometrial adenocarcinoma without myometrial invasion has been shown to have a more favorable prognosis than tumors invasive to a similar depth (11, 12) . In a study of 18 patients, Mittal et al. (22) showed that adenocarcinomas of low histologic grade confined to adenomyosis had an excellent prognosis. Common acute lymphoblastic leukemia antigen (CALLA), or CD10, is a monomeric Type II integral membrane peptidase expressed by lymphoid progenitor cells found in normal bone marrow and thymus, and by mature granulocytes (23) . It also is expressed in some acute lymphoid leukemias, such as acute lymphoblastic leukemia, and some nonHodgkin's lymphomas, such as follicular and Burkitt's lymphomas (23) . Besides hematopoietic tissues and malignancies, non-neoplastic nonhematopoietic tissues such as renal tubular and glomerular cells, small intestine epithelium, normal and malignant cells of the epithelium of the stomach and colon, and myoepithelial cells of the breast also express CD10 (24 -27) . CD10 has also been shown to stain non-neoplastic and neoplastic endometrial stroma and thus may be helpful in the differential diagnosis of uterine stromal and smooth muscle neoplasm (13, 15, 28) . On the basis of these findings, we hypothesized that CD10 would be a useful biomarker in the distinction of adenomyosis involved by endometrial adenocarcinoma from myoinvasive endometrial adenocarcinoma. Because adenomyotic foci contain endometrial stroma, CD10 expression would be expected to be present surrounding neoplastic glands involving such foci. In contrast, CD10-positive cells would not be expected to be present around adenocarcinoma invading myometrium.
Our results demonstrate that endometrial adenocarcinoma involving adenomyosis is surrounded by CD10-expressing stromal cells reflecting the expected presence of endometrial stroma within adenomyotic foci. However, in cases of invasive adenocarcinoma, with or without associated adenomyotic involvement by carcinoma, invasive neoplastic glands were at least partially bounded by a rim of CD10-expressing cells in 11 of 21 (52%) cases. The cells expressing CD10 corresponded to desmoplastic stromal cells in 9 cases (82%). In the remaining 2 cases, CD10-expressing cells not associated with desmoplasia were present surrounding the invasive glands. Possible explanations for CD10 staining in these 11 cases include the following: (1) the positive cells are endometrial stromal cells and the foci interpreted as invasion are actually occult involvement of adenomyosis, rather than true myometrial invasion; (2) expression of CD10 by myometrial smooth muscle cells; (3) expression of CD10 by fibroblasts within the desmoplastic reaction; (4) spurious expression of a CD10 epitope in another protein; (5) tumor invasion accompanied by endometrial stroma; and (5) possible induction of stromal differentiation by the invasive tumor.
The first proposition, occult involvement of adenomyosis by carcinoma, can be excluded because the cases in this study were carefully examined and established criteria were cautiously applied to avoid this pitfall. Furthermore, the neoplastic glands, with or without surrounding desmoplastic reaction, showed an invasive pattern with irregular borders and absence of endometrial stroma or residual uninvolved endometrial glands indicative of adenomyosis. The separation of endometrial stroma from myometrium by CD10 expression is hindered by the observation that CD10 can be weakly and focally expressed by the myometrial smooth muscle (28) . The application of desmin and h-caldesmon did not clearly identify the CD10-expressing cells immediately surrounding the invasive carcinoma as myometrium. Although desmin and caldesmon were positive in these cells, the staining pattern was weaker and more scattered when compared with the surrounding myometrium. In our opinion, these findings did not support a smooth muscle origin for these cells. Expression of CD10 by fibroblasts within the desmoplastic reaction, spurious expression of a CD10 epitope in another protein, tumor invasion accompanied by endometrial stroma, and possible induction of stromal differentiation by the invasive tumor are all reasonable possibilities that may be more definitively addressed by other, perhaps molecular, studies in the future.
In summary, involvement of adenomyosis by endometrial adenocarcinoma and its differentiation from invasive endometrial adenocarcinoma may in some instances be diagnostically difficult. CD10 expression reliably identifies adenomyosis, but CD 10 expression may also be seen around foci of invasive carcinoma. Thus, the presence of CD10 immediately surrounding neoplastic glands does not equate with involvement of adenomyosis by endometrial adenocarcinoma, whereas absence of CD10 expression is indicative of invasive endometrial adenocarcinoma and excludes involvement of adenomyosis.
